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Abstract
Background: Postoperative pancreatic fistula (POPF) is a major complication after pancreatic surgery and results
from an impaired healing of the pancreatic enteric anastomosis. Whether perioperative hemodynamic fluid
management aiming to provide an adequate tissue perfusion could influence the occurrence of POPF is unknown.
Serum lactate level is a well-recognized marker of decreased tissue perfusion and is known to be associated with
higher morbidity and mortality in various postoperative settings. We aimed to determine in a retrospective high-volume
center’s cohort whether postoperative hyperlactatemia could predict POPF occurrence.
Method: We conducted a retrospective analysis of 96 consecutive patients admitted in the intensive care unit (ICU) after
pancreaticoduodenectomy or distal pancreatectomy. Univariate analysis was conducted to compare lactate levels at 6 h
between patients evolving with versus without POPF. A logistic regression model was developed and included potential
confounding factors.
Results: POPF occurred in 28 patients (29 %). Serum lactate level 6 h after admission was significantly higher in the POPF
group (2.8 mmol/L [95 % confidence interval (CI): 2.1–3.5] versus 1.8 mmol/L [95 % CI: 1.8–2.4], p-value = 0.04) whereas it
did not differ at ICU admission or at 12 h. Despite similar cumulative fluid balance, fluid intake and vasopressor
use, hyperlactatemia > 2.5 mmol/L (Odds ratio (OR): 3.58; 95 % CI: 1.22–10.48; p-value = 0.020) and red blood
cells transfusion (OR: 1.24; 95 % CI: 1.03–1.49; p-value = 0.022) were found to be independent predictive factors
of POPF occurrence.
Conclusion: In patients undergoing partial pancreatectomy, hyperlactatemia measured 6 h after ICU admission
is a predictive factor for the occurrence of POPF. Inflammatory changes after surgery may account for this
observation and should be further evaluated.
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Background
Pancreatic surgery is a complex procedure primarily per-
formed for malignant diseases. Surgery remains the
standard of care for pancreatic cancer and constitutes
the sole treatment able to lengthen survival [1, 2]. Add-
itionally, pancreatic surgery is also indicated for selected
cases of chronic pancreatitis or less commonly for be-
nign periampullary tumors [3–5]. While pancreaticoduo-
denectomy is chiefly used for pancreatic head resection,
distal pancreactectomy is the preferred technique for le-
sions located in the pancreatic body or tail.
Though mortality has declined over the last decades,
morbidity rates remain substantial, reaching 30 to 50 %
even in high-volume centers [6–9]. Morbidity most
commonly results from postoperative pancreatic fistula
(POPF). POPF is caused by a deficient healing of the
pancreatic-enteric anastomosis, leading to partial or
complete anastomotic dehiscence. Described as the
major complication following pancreatic surgery, its in-
cidence has been reported to range from 5 to 35 %
[10]. While a low-grade fistula is a transient leak that
does not require specific treatment, externalized pan-
creatic juice may lead to life-threatening complications,
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such as intra-abdominal sepsis or hemorrhage. POPF
substantially contributes to increased hospitalization
length of stay, as percutaneous drainage of abdominal
collection or surgical re-exploration is often required in
these cases.
To date there has been no effective method for pre-
dicting the occurrence of fistula or for determining
which will become clinically relevant. The diagnostic of
fistula is still based on the amount of amylases in drains
even if this method remains controversial [6, 10]. Nu-
merous risk factors have been identified, which are
mainl related to preoperative patient status and surgical
procedures [7, 11–13]. Among the most relevant, pan-
creas texture, pancreatic duct diameter, blood loss, or
comorbidities such as heart disease were shown to cor-
relate with POPF. During the perioperative period,
hypotension can reduce splanchnic perfusion, thereby
compromising the healing of surgical anastomosis.
As a well-recognized hallmark of inadequate tissue
perfusion, hyperlactatemia is common in critically ill pa-
tients and has been associated with mortality and mor-
bidity in various clinical settings [14, 15]. Perioperative
lactate levels, which frequently result from circulatory
compromise, have been linked to clinical outcome in nu-
merous surgical procedures [16–18]. Moreover, a rela-
tionship between hyperlactatemia and microcirculatory
abnormalities has been demonstrated [19, 20]. Indeed,
improvement in microcirculatory flow has been shown
to be associated with decreased lactate levels [21].
Whether early postoperative hemodynamic management
could play a role in POPF occurrence has not yet been
studied. For this study, we hypothesized that early post-
operative hyperlactatemia was related to POPF forma-
tion. For this purpose, we sought to determine whether
hyperlactatemia predicts POPF occurrence after pancre-
atic surgery, along with its potential association with
postoperative care.
Methods
Following approval by the Cliniques universitaires Saint
Luc’s Ethics committee, the medical records of 107 con-
secutive patients admitted, within three consecutive
years, to the intensive care unit (ICU) after elective pan-
creatic surgery were reviewed. Due to the retrospective
design of the study, informed consent was not indicated.
To ensure confidentiality, patient identifiers were ex-
cluded from our final database. Of the 107 patients, 96
underwent partial pancreatectomy. Patients were ex-
cluded from the study if there was documentation of
perioperative hemorrhagic shock. It was defined as the
occurrence of massive intraoperative hemorrhage with
estimated blood loss above 1000 mL, associated with the
development of acute hemodynamic instability and
anemia requiring transfusions of more than 5 red blood
cells (RBC) units. Study measures included lactate levels,
perioperative morbidity, hemodynamic and laboratory
data within the first 24 h, cumulative 24-h fluid intake/
balance, and length of ICU stay. Survival was recorded
at 28 days, and morbidity was defined as a complication
occurring within 30 days after surgical procedure or dur-
ing hospital stay [22]. POPF was defined according to
International Study Group of Pancreatic Fistula (ISGPF)
definition as an amylase-positive fluid from the drain
placed intraoperatively or from an abdominal collection
(amylase levels >3 times the normal serum value) after
the third day post-surgery [10].
Arterial plasma lactate levels were measured at ICU
admission and at 6 and 12 h thereafter through a point-
of-care blood gas analyzer.
Patients were grouped into those displaying hyperlactate-
mia >2.5 mmol/L and those with lactate levels <2.5 mmol/
L 6 h after ICU admission. The cut-off of 2.5 mmol/L was
chosen like in septic patients for whom microcirculatory
abnormalities are reported to be associated with either
intermediate (2–3.9 mmol/L) or high lactate (≥4 mmol/L)
levels [23].
Administration of somatostatin was initiated at the begin-
ning of surgery for all patients. Postoperative hemodynamic
optimization was achieved following a goal-directed therapy
protocol aiming at normalizing hemodynamic and perfu-
sion parameters within the first 6 h. Circulatory and perfu-
sion assessment included arterial lactate, mixed venous
saturation, central venous-to-arterial O2 content, and urin-
ary output. Preset goals were lactate levels < 1.8 mmol/l,
central venous oxygen saturation (ScVO2) >65 %, central
venous-to-arterial O2 content <6 mlO2/dL, and central
venous pressure >10 mmHg. Red blood cell (RBC)
transfusions were used to maintain hemoglobin con-
centration above 7 g/dL.
Statistical analysis
For continuous variables, mean (standard deviation) or
median (interquartile range) were reported. The number
of patients and the corresponding percentages in each
category were given for categorical variables. Student’s
t-test was used to compare continuous variables between
subgroups. Mann–Whitney U test was employed when
appropriate. Categorical variables were compared using
Pearson’s Chi-squared test or Fisher’s exact test.
Univariate logistic regression analysis was conducted
to compare several postoperative factors between pa-
tients evolving with versus without POPF. Logistic re-
gression analysis stratified on the presence or absence of
hyperlactemia at 6 h post-surgery was used to identify
independent risk factors related to POPF occurrence.
Significant variables in the univariate analysis were en-
tered into a multivariate logistic regression to identify
the independent predictors of fistula occurence. The
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variables were previously tested for interaction. Results
were expressed as odds ratio and 95 % confidence inter-
vals. Two-tailed p values of 0.05 were considered statisti-
cally significant. Analyses were performed using SPSS 20
software (IBM, Chicago, IL, USA).
Results
Of the 96 patients with partial pancreatic surgery, 82 %
underwent pancreaticoduodenectomy and 18 % distal
pancreatectomy. Two patients were excluded due to
perioperative hemorrhagic shock. The patients ranged in
age from 27 to 82 years (median age: 65), and 59 % were
men. Malignant disease was present in 78 patients
(83 %). Overall 28-day mortality was 3.2 %. Body mass
index (BMI) was significantly higher in patients evolving
with POPF. Preoperative data is shown in Table 1.
In total, 35 % of surgical complications were encountered
(n = 33 patients). Of these, POPF occurred in 28 patients
(29 %) classified as Grade A (n = 11), Grade B (n = 9), or
Grade C (n = 8). Patients with Grade A fistula required no
specific treatment, whereas patients with Grade B fistula
were treated with conservative treatment including
maintenance of peripancreatic drains, antibiotherapy,
parenteral nutrition, and somatostatine. Patients with
Grade C fistula experienced complications such as
intraabdominal collections requiring drainage (n = 8),
anastomotic failure (n = 3), and/or hemorrhage (n = 7).
Six patients with POPF developed sepsis. Surgical revision
was necessary for 14 patients, six of whom had POPF. The
incidence of each complication is shown in Table 2.
As detailed in Table 3, postoperative lactate serum con-
centrations at 6 h were significantly higher in the POPF
group, whereas no difference was observed at baseline
(on ICU admission) and at 12 h post-ICU admission. Fur-
ther, the proportion of patients presenting lactate levels
above 2.5 mmol/L at 6 h was significantly higher in the
POPF group. Both groups were comparable regarding use
of norepinephrine and its cumulative dose, along with the
amount of infused liquid intraoperatively and postopera-
tively. Additionally, fluid balances during the first 24 h,
APACHE II scores and intervention durations were similar
(Table 3). However, the amount of RBC transfusions during
the first 24 postoperative hours was significantly higher in
the POPF group. Nevertheless, hemoglobin levels measured
at 24 h were comparable. Finally, mean ScVO2 values were
similar in both subgroups at admission (67 % [65–73]
versus 65 % [56–79]) and over the first 6 h (67 % [57–70]
versus 66 % [61–71]) and 12 h (65 % [58–68] versus 65 %
[55–68]) following ICU admission.
Table 1 Patients characteristics and preoperative data
Patient characteristics Overall (n = 94) No fistula (n = 66) Fistula (n =28) p-value
Demographics
agea 65 (27–82) 64 (27–82) 65.5 (40–80) 0.77
maleb 56 (59) 38 (40) 18 (19) 0.55
Body mass index (kg/m2)c 25.4 (4.7) 24.7 (3.9) 27.5 (4.1) 0.04
Comorbidities
hypertensionb 19 (20.5 %) 11 (12 %) 8 (8.5 %) 0.18
diabetes mellitusb 17 (18 %) 12 (13 %) 5 (5 %) 0.97
ischemic cardiopathyb 15 (16 %) 11 (12 %) 4 (4 %) 0.99
Surgical procedures
pancreaticoduodenectomyb 77 (82 %) 56 (60 %) 21 (22 %) 0.26
distal pancreatectomyb 17 (18 %) 10 (11 %) 7 (7 %) 0.26
Pathological diagnosis
benign diseaseb 16 (17 %) 10 (11 %) 6 (6 %) 0.55
malignant diseaseb 78 (83 %) 56 (60 %) 22 (23 %) 0.55
avalues expressed as median (range); p-value by Mann–Whitney U test
bvalues expressed as number and percentage; p-value by χ2 test or exact Fisher test
cvalues expressed as mean ± standard deviation; p-value by Student t test
Table 2 Surgical complications
Complicationa n (%)
pancreatic fistula 28 (29 %)
intraabdominal collections 11 (12 %)
hemorrhage 3 (3.2 %)
anastomotic failure 2 (2.1 %)
wound infection 3 (3.2 %)
bile leakage 3 (3.2 %)
portal vein thrombosis 4 (4.2 %)
otherb 2 (2.1 %)
aSome patients developed multiple complications
bOther complications included small bowel perforation (n =1) and mesenteric
ischemia (n =1)
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In univariate analysis, hyperlactatemia, use of norepin-
ephrine, RBC transfusions, and BMI were identified as
significant risk factors associated with POPF occurrence
(Table 4). Fluid intake or fluid balance did not impact
POPF development.
Multiple regression analysis showed that hyperlactate-
mia at 6 h and RBC transfusions were still significant in-
dependent predictors of POPF occurrence, whereas
noradrenaline use or BMI were no longer significant
predictors in the final model (Table 4). As hyperlactate-
mia occurred independently of RBC transfusions and
hemodynamic achievements, we tried to determine
whether hyperlactatemia was inflammation-mediated.
To assess whether the systemic inflammatory response
following surgery differed in both group, C-reactive
protein (CRP) was evaluated. Mean CRP values were
significantly higher in the POPF group (14.2 ± 8 versus
10 ± 4.7; p = 0.02).
Discussion
In our study, we found that hyperlactatemia after pan-
creatic surgery is associated with a risk of POPF devel-
opment, but is independent of early-ICU postoperative
hemodynamic management. Indeed, intravenous fluid or
vasopressive therapies were not related to POPF occur-
rence in the adjusted regression model. Both patient
groups received approximately similar amounts of intra-
venous fluid, and the need for vasopressors was similar.
Although this study was only hypothesis-generating, our
data supports the view that patients exhibiting hyperlac-
tatemia 6 h after the initial ICU management show an
association with a distinctive clinical profile despite simi-
lar postoperative care.
Hyperlactatemia can reflect global or regional hypo-
perfusion, which may be responsible for an impaired
healing of the anastomosis, leading to POPF. Lactic acid
is produced from the transformation of pyruvate by the
lactate dehydrogenase enzyme when anaerobic metabol-
ism is favored due to a lack of oxygen supply to the








1.9 (1.8) 2.1 (1.6) 0.64
6 h postoperative lactate
(mmol/L)a
1.8 (1.3) 2.8 (2.5) 0.04
12 h postoperative lactate
(mmol/L)a
1.7 (1.1) 1.8 (1.4) 0.81
Hyperlactatemia (blood
lactate≥ 2.5 mmol/L)b
18 (27 %) 17 (60 %) 0.002
Vasopressor useb 8 (13 %) 7 (25 %) 0.13
Cumulative norepinephrine
dose (μg/kg)a
57 (43) 48 (12) 0.18
Fluid intake during first 24 h
(mL/kg)a
46.2 (34) 48.1 (43) 0.15
Fluid balance during first 24 h
(mL)a
2160 (2000) 2631 (2339) 0.34
Intraoperative fluid requirements
(mL/kg)a
52.6 (25) 49 (22) 0.39
Red blood cells transfusions
during first 24 h (mL)a
164 (250) 359 (530) 0.027
Hemoglobin after first 24 h
(g/dL)c
10.4 ± 1.8 10.8 ± 1.5 0.35
APACHE II scorea 12 (6) 12.5 (8) 0.98
Duration of operation
(minutes)c
356 ± 96 316 ± 94 0.91
adata are shown as median (interquartile range); p-value by Mann–Whitney U test
bdata are shown as number (percentage); p-value by χ2 test or exact Fisher test
cdata are shown as mean ± standard deviation; p-value by Student t test








Body mass index 1.15 (1.10–1.27) 0.015* 1.11 (0.99–1.25) 0.085
Ischemic cardiopathy 1.18 (0.32–4.32) 0.79
Post-operative variables
Hyperlactatemia 4.36 (1.70–11.15) 0.002* 3.58 (1.22–10.48) 0.020*
RBC transfusions 1.23 (1.05–1.45) 0.008* 1.24 (1.03–1.49) 0.022*
Hemoglobin (24 h) 1.13 (0.87–1.47) 0.35
Vasopressor use 4.10 (1.14–13.97) 0.003* 2.10 (0.47–9.28) 0.33
Fluid intake (24 h) 1.01 (0.99–1.03) 0.12
Fluid balance (24 h) 1.19 (0.61–2.33) 0.59
*denotes p < 0.05
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tissues [24]. Peripheral tissue hypoperfusion is frequently
encountered after major abdominal surgery and is associ-
ated with postoperative complications [25] and more par-
ticularly pancreatic fistula [7]. Per- and post-operative
management mainly aims at restoring intravascular volume
and global hemodynamics in order to assure adequate
tissue perfusion [26, 27]. Moreover, it has been shown
to influence postoperative complications. In this set-
tings, hyperlactatemia as a marker of global hypoperfusion
is well known to correlate with surgical complications and
mortality [28, 29].
In our study, postoperative management was achieved
by aiming to normalize hemodynamic and perfusion
parameters within 6 h after ICU admission. As serum
lactate levels were higher in the group that developed
POPF, it could be argued that these patients were more
hypotensive and fluid resuscitation less adequate. How-
ever, we did not notice any differences in the global
hemodynamic of these patients. Indeed, the amounts of
norepinephrine required postoperatively were quite simi-
lar, as were total fluid amounts administrated. Moreover,
the circulatory parameters (mixed venous saturation;
central venous-to-arterial O2 content), urinary output,
and fluid balance did not differ between the two groups.
This suggests that hemodynamic management was simi-
lar in both groups and could thus not be the cause of
POPF occurrence. In addition, infused intravenous fluids
amounts during surgery did not differ between both
groups. Even if patients experiencing POPF received
more RBC transfusions, hemoglobin 24 h after surgery
was ultimately similar in both groups. Therefore, multi-
variate analysis revealed RBC transfusion to be an inde-
pendent risk factor for POPF. This is in line with
previous work which demonstrated that postoperative
bleeding was associated with POPF occurrence [30].
Although lower oxygen delivery can be responsible for
anastomotic ischemia, it cannot solely explain hyperlac-
tatemia, which also represented an independent risk fac-
tor in the multivariate model.
Lactate may be generated by inflammation in relation
with the systemic inflammatory response following crit-
ical illness [31]. It is associated with outcome independ-
ently of shock in various diseases, such as sepsis or after
surgery [17–20]. In addition, lactate levels have been
demonstrated to be related to microcirculatory perfusion
alterations and organ failure [21–23]. Hyperlactatemia
could thus reflect the inflammation-induced microcircula-
tory alterations following surgery. Indeed, surgery induces a
high inflammatory response reflected by increased cytokine
production. Cytokines such as interleukin-6 have been
shown to play a central role [32]. A recent study has dem-
onstrated that intraperitoneal lactate levels after pancreatic
surgery were higher in patients developing POPF than in
those in whom no complication occurred [33]. This
suggests that microcirculatory disturbances consequently
leading to local ischemia may be a determinant in POPF
occurrence. Nevertheless, the authors observed increased
lactate/pyruvate ratio within the peritoneum without any
difference in serum lactate levels. In their study, lactate was
measured 12 h after surgery which is later than our study.
The higher CRP levels observed in our study in the
POPF group tend to suggest inflammatory response fol-
lowing surgery to be associated with POPF. Postopera-
tive inflammatory response has indeed been shown to
correlate with poor outcome in patients undergoing pan-
creatic surgery [34]. Other data has also revealed that
CRP levels can predict poorer prognosis [35]. It can
therefore be suggested that, independently of basal inflam-
mation related to cancer, surgery could generate additional
inflammation. In this setting, although 6 h-postoperative
lactate values are significantly higher in the POPF group,
the values decreased 12 h after surgery and were similar
within both groups. It is worth noting that lactate values
are elevated in both groups at admission (Table 3) but the
increase is more important in patients developing fistula.
This difference between kinetics could reflect a distinct
evolution in the time course of postoperative systemic
inflammatory response syndrome (SIRS) and particularly in
the early phase. The mechanism by which hyperlactatemia
occurs remains to be determined but a distinct profile of
early SIRS should be considered and further investigated in
patients experiencing fistula [36, 37].
Some limitations of our study should be considered.
First, since we used a retrospective design, our results
must be confirmed in a larger prospective cohort. Yet the
use of a goal-oriented protocol in our unit allows us to
trust our conclusion. Moreover, our observations are con-
sistent with previously reported prospective data showing
that pre- and post-operative serum lactate levels after pan-
creatic resection were correlated with ICU length of stay
and mortality [29]. Second, we did not take into account
the texture of pancreas tissue. Indeed, soft texture of pan-
creatic tissue encountered in malignant tumor has been
shown to be associated with a higher POPF incidence after
surgery. For this purpose, multivariate analysis was carried
out, introducing adenocarcinoma as a covariable. When
controlling for the presence of adenocarcinoma, the
hyperlactatemia remained a risk factor for POPF. How-
ever, retrospectively collecting data regarding the pancreas
texture was difficult. Lastly, we did not measure intraab-
dominal pressure. It is conceivable that high abdominal
pressure encountered in obese patients could impair the
anastomotic vascularisation. In addition, obesity has been
recognized to be associated with a fatty texture of the
pancreatic tissue and represents a risk factor for POPF
[38, 39]. We found a correlation between BMI and
POPF but it did not reach statistical significance in
multivariate analysis.
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Conclusions
In summary, postoperative hyperlactatemia above
2.5 mmol/L was associated with POPF occurrence after
pancreatic surgery independently of early hemodynamic
management and RBC needs. This finding especially
suggests a role for inflammatory changes that may
account for the onset of anastomotic leakage after pan-
creatic surgery. According to our data, hyperlactatemia
could be viewed as a surrogate marker for microcircu-
latory alterations leading to anastomotic ischemia. Con-
firmation of such a hypothesis would require further
prospective investigation.
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